Alzheimer peptides aggregate into transient nanoglobules that nucleate fibrils.
Protein/peptide oligomerization, cross-β strand fibrillation, and amyloid deposition play a critical role in many diseases, but despite extensive biophysical characterization, the structural and dynamic details of oligomerization and fibrillation of amyloidic peptides/proteins remain to be fully clarified. Here, we simultaneously monitored the atomic, molecular, and mesoscopic states of aggregating Alzheimer's amyloid β (Aβ) peptides over time, using a slow aggregation protocol and a fast aggregation protocol, and determined the cytotoxicity of the intermediate states. We show that in the early stage of fast fibrillation (the lag phase) the Aβ peptides coalesced into apparently unstructured globules (15-200 nm in diameter), which slowly grew larger. Then a sharp transition occurred, characterized by the first appearance of single fibrillar structures of approximately ≥100 nm. These fibrils emerged from the globules. Simultaneously, an increase was observed for the cross-β strand conformation that is characteristic of the fibrils that constitute mature amyloid. The number and size of single fibrils rapidly increased. Eventually, the fibrils coalesced into mature amyloid. Samples from the early lag phase of slow fibrillation conditions were especially toxic to cells, and this toxicity sharply decreased when fibrils formed and matured into amyloid. Our results suggest that the formation of fibrils may protect cells by reducing the toxic structures that appear in the early lag phase of fibrillation.